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Background {#sec1_1}
==========

The role of angiotensin-(1--7) (ANG-(1--7)) in heart protection and its effect on pacing postconditioning (PPC) protection to the heart are not yet known. The role of nitric oxide (NO) and cytokines like tumor necrosis factor-alpha (TNF-α) in the heart protection and in PPC protection requires more investigation. The aim of the present study was to investigate the role of angiotensin II (ANG-II), ANG-(1--7), TNF- α and NO in the protection of the heart and their role in PPC protection to the heart.

Methods {#sec1_2}
=======

Langendorff perfused isolated rat hearts (n = 6 per group) were used for this study. PPC protocol was 3 cycles of 30 s left ventricle (LV) pacing alternated with 30 s right atrium (RA) pacing. Heart protection was assessed by evaluating the recovery of the LV hemodynamics and the reduction in the infarct size. The LV hemodynamics were computed by a data acquisition program and the infarct size was quantified by triphenyltetrazolium chloride (TTC) staining. All hearts were subjected to 30 min ischemia produced by ligation of left anterior descending (LAD) coronary artery and were allowed 30 min reperfusion. Control hearts were subjected to ischemia with no further treatment. ELISA was used to measure the expression levels of the cytokine TNF-α. All drugs were infused at the beginning of reperfusion.

Results {#sec1_3}
=======

Administration of ANG-II did not protect the heart against I/R injury and did not affect the protection afforded by PPC. However, the inhibition of its receptor AT1 completely abrogated the protective effect of PPC. Angiotensin-(1--7) significantly (p \< 0.05) recovered LV hemodynamics and decreased the infarct size (p \< 0.001) when it was used alone or in combination with PPC. The protection afforded by both PPC and ANG-(1--7) was completely abrogated by ANG(1--7) receptor MAS antagonist or NO blocker L-NAME. We also demonstrated a significant (p \< 0.001) improvement in LV hemodynamics and decrease in the infarct size (p \< 0.001) when AntiTNF-α was used alone or in combination with PPC. The expression level of TNF-α in the cardiomyocyte lysate and coronary effluent was significantly (p \< 0.001) decreased in the protective treatments.

Conclusion {#sec1_4}
==========

Similar to PPC, ANG-(1--7) protected the heart against ischemia reperfusion injury. Nitric oxide and TNF-α are involved in mediating the cardioprotection afforded by ANG-(1--7) and PPC.
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Background {#sec1_5}
==========

Pacing postconditioning (PPC) protects the heart against ischemia reperfusion (I/R) injury. The role of calcium release from sarcoplasmic reticulum (SR), the recently described acidic stores and cyclooxygenase-2 (COX-2) in heart protection, requires more investigations. The aim of the present study was to characterize the effect of calcium stores (SR), and the acidic stores and COX-2 on I/R injury and PPC protection to the heart.

Methods {#sec1_6}
=======

Langendorff perfused isolated rat hearts (n = 6 per group) were used for this study. Controls were subjected to 30 min unprotected ischemia with no further treatment. PPC protocol was 3 cycles of 30 s each of LV pacing alternated with 30 s right atrium (RA) pacing. Ischemia was produced by ligation of the left anterior descending artery. All hearts were allowed 30 min reperfusion. Heart hemodynamics was computed by a data acquisition program and the infarct size was evaluated by triphenyltetrazolium chloride (TTC) staining. ELISA was used to detect COX-2 expression level in the cardiomyocyte lysate and the coronary effluent in various experimental groups. All drugs were added at the beginning of reperfusion.

Results {#sec1_7}
=======

Pacing postconditioning significantly (p \< 0.05) normalized LV hemodynamics and significantly (p \< 0.001) decreased the infarct size as compared to the respective control group. Blockade of SR calcium release significantly (p \< 0.01) recovered LV hemodynamics and reduced the infarct size (p \< 0.04), when used alone or in combination with PPC. Interestingly, the release of calcium from acidic stores alone or in combination with PPC significantly (p \< 0.03) improved LV hemodynamics and decreased the infarct size (p \< 0.001) as compared to the respective control group. Cyclooxygenase-2 alone or in combination with PPC significantly (p \< 0.01) improved the LV hemodynamics and decreased the infarct size (p \< 0.001) as compared to the respective control group. COX-2 expression has been significantly (p \< 0.01) increased by PPC and significantly (p \< 0.04) decreased by calcium release from SR. A positive additive effect was shown when calcium release from acidic store or blockade of calcium release from SR was combined with PPC.

Conclusion {#sec1_8}
==========

Calcium release from acidic stores, COX-2 and the blockade of calcium release from SR protect the heart against I/R. Synergy was noticed in combination of calcium release from acidic stores or blockade of calcium release from SR when combined with PPC.
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